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Toward an Earth system reanalysis capability

* GMADO is active in extending its GEOS system to encompass many
aspects of the Earth system

* Progress incrementally through a combination of systems with
increased levels of coupling, plus offline component reanalyses

* GMAOQ'’s work links strongly to NASA’s Earth observations

> Use of GEOS products by instrument teams (FP, FP-IT and GEOS 5.4)
> Ingest of NASA data to demonstrate their value in Earth system analyses
> Planning for new NASA missions

This talk focuses on a few examples that illustrate current capabilities and
are steps on the pathway to future growth
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GMADO reanalyses and derivative products
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Some aspects of MERRA-2

* GMAQ’s most recent atmospheric reanalysis of the modern satellite era

* Advances over its predecessor, MERRA (Ceased production 29 Feb 2016)
» Many more observations
» Model and analysis updates

* Focus on non-meteorological aspects as a pathway to a more complete

Earth system reanalysis
> Aerosol data assimilation
> Representation of cryospheric processes
» Use of NASA observations in the stratosphere, especially ozone

*  Well documented, including a special collection in J. Climate
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MERRA-2 exhibits increasing
reflected SW radiation through
its history, leading to too strong
imbalance at TOA during the
CERES period

While significant changes occur
around the eruption and
dissipation of Mt. Pinatubo
aerosols, the imbalance is more
related to cloud effects

Water vapor assimilation affects

the clouds, increasing reflected
SW
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GMAO coupled atmosphere-ocean assimilation development
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Current GEOS atmospheric assimilation system
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Planned GEQOS coupled atmosphere-ocean assimilation system
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Ocean biogeochemical assimilation

MERRA meteorology, SST, sea-ice
NASA Ocean Biogeochemical
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MERRA-NOBM global decadal trends in ocean phytoplankton

ug chl L1
* Now two decades of continuous, high- Trend (R) in Total Chlorophyll 10
quality ocean color observations, e.g., ' WO
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Shaded areas significant p<0.05

Rousseaux and Gregg, 2015, Glob. Biogeochem. Cycles.
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Three-dimensional chemistry

Long-standing collaboration with Harvard
to develop GEOS-Chem for use in GEOS

HCI

\03 saveral

several
steps steps

sto,,

\ ““3“‘3/ hsog m"p'?

Hmo3

T

T

H.0

As a research project, recently began daily
full chemical forecasts at 25-km resolution,
forced by GEOS real-time meteorology

Currently, no assimilation of chemical

species, but this will be worked in slowly as
a separate optimization from the met state
(OMI, MOPITT, ...TEMPO, Sentinel, GEMS)
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Health Air Quality Index
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HAQI shown here combines O;, NO, and PM,
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CERES-GMAO Evaluation Group

* Routine Telecons (~3 weeks)

« Relate status and updates

* Review GEOS versions, Algorithm sensitivity

« Eventually consider system sensitivity to Component Analysis

« GEOS Checkpoint Experimentation

« Test new GEOS versions over a specified period(s), maintain a
history of changes

* Prepare for CERES 5.0 (and next reanalysis)
« Configuring to run at NASA Ames

« GEOS v5.4 (FP-IT, MERRA-2 is 5.12, FP is 5.19)

* Need to define reanalysis requirements for next CERES
reprocessing

 If coupled Earth is not it, we may be very close to a candidate

Global Modeling and Assimilation Office
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* GMAO is working toward an integrated Earth system analysis
capability to advance its activities in S2S, reanalysis and NWP

* A reanalysis with coupled physical components of the
atmosphere, ocean, land and cryosphere is planned for 2021
(duration/period and exact system configuration TBD)

* Given GMAOQ'’s focus on the use of NASA observations, ongoing
research is aimed at the representation of aerosols, chemical, and
biogeochemical processes

e Continue production of MERRA-2 (and FP-IT and 5.4), and
MERRA-2-driven component reanalyses that serve as test
environments for emerging capabilities
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